higher in patients with conditions such as diabetes mellitus (DM) or chronic kidney disease (CKD) (2, 3) . Therefore, strategies to prevent CI-AKI in DM patients with CKD are urgently needed.
CI-AKI mechanisms are complex but may be related to direct renal tubular toxicity, vasoconstriction, and high oxidative stress. Statins have beneficial effects on endothelial function, nitric oxide production, and oxidative stress, which are directly related to the development of CI-AKI (4, 5) . Statins have renoprotective effects in patients with CKD (6, 7) . However, results for the efficacy of statin therapy to prevent CI-AKI in high-risk patients are inconsistent, mostly because of small sample sizes (8) (9) (10) (11) (12) (13) (14) (15) . Despite this, the latest European Society of Cardiology guidelines on myocardial revascularization advise the use of statins to prevent CI-AKI, especially in high-risk patients (16) .
The purpose of this clinical trial was to examine the effects of short-term rosuvastatin therapy on the incidence of CI-AKI in a multicenter, prospective trial in patients with DM and with mild-to-moderate CKD undergoing coronary/peripheral arterial diagnostic angiography, left ventriculography, or percutaneous coronary intervention (PCI).
Methods
Study population. This study was an investigator-initiated, prospective, randomized, controlled, multicenter clinical trial performed in China, designed by the steering committee and registered at Clinicaltrials.gov (NCT00786136). Patients with DM and CKD undergoing coronary/peripheral arterial diagnostic angiography, left ventriculography, or PCI were eligible.
The primary objective was to evaluate the safety and efficacy of statin therapy for prevention of CI-AKI in patients with DM and CKD exposed to contrast medium. The trial included patients 18 to 75 years of age with type 2 DM and concomitant stage 2 or 3 CKD who had not received any statin treatment for at least 14 days and in whom metformin or aminophylline had been withdrawn for at least 2 days prior to contrast medium administration (Fig. 1) . Exclusion criteria were hypersensitivity to contrast medium or statins, type 1 DM, ketoacidosis, lactic acidosis, stage 0 or 1 CKD, stage 4 or 5 CKD, acute ST-segment elevation myocardial infarction (STEMI) within the previous 4 weeks, class IV heart failure as defined by the New York Heart Association (NYHA) functional classification system, hemodynamic instability, administration of iodinated contrast medium during the 2 weeks before randomization, low-density lipoprotein cholesterol (LDL-C) concentration <1.82 mmol/liter, hepatic dysfunction (serum alanine-aminotransferase [ALT] concentration 3 times greater than the upper limit of normal), thyroid insufficiency, or renal artery stenosis (unilateral >70% or bilateral >50%).
The estimated glomerular filtration rate (eGFR) was calculated from serum creatinine (sCr) concentrations by using the modified glomerular filtration rate estimating equation Patients were randomized to receive either rosuvastatin (Crestor, AstraZeneca, London, United Kingdom), 10 mg every evening, from 2 days before to 3 days after contrast medium administration (total dose of 50 mg of rosuvastatin over 5 days) or to a control group. Patients assigned to the control group did not receive any statins. Statin therapy was resumed in both groups 3 days after contrast medium administration, following completion of the study endpoints. Hydration therapy was standard and administered at the physician's discretion and included isotonic saline (0.9% sodium chloride, 1 ml/kg/h) started 12 h before and continued for 24 h after contrast medium administration. The iso-osmolar, nonionic contrast medium iodixanol (320 mg iodine/ml, Visipaque, GE Healthcare, Piscataway, New Jersey) was administered during all procedures.
Blood samples were taken to measure sCr concentrations before randomization and at 48 h and 72 h after contrast medium administration. The peak post-procedural sCr value was used for the primary endpoint evaluation. Renal function was measured using eGFR in all patients. Type 2 DM was diagnosed using the criteria of the American Diabetes Association (18) . Levels of high-sensitivity C-reactive protein (hsCRP), total cholesterol (TC), and low-density lipoprotein cholesterol (LDL-C) were also measured using commercial kits on the day of admission and 3 days after the procedure. Urinary albumin excretion was assessed by measurement of urinary concentrations of albumin and creatinine (albumin/creatinine ratio [ACR]) in urine samples collected on the morning of the day before randomization and 3 days after the procedure. Urinary albumin concentrations were measured using the immunoturbidimetry method. Endpoints and definitions. The primary endpoint was the development of CI-AKI, defined as an increase in sCr concentration !0.5 mg/dl (44.2 mmol/l) or !25% above baseline at 72 h after exposure to the contrast medium. Clinical outcomes included events occurring within 30 days after contrast: 1) all-cause death; 2) dialysis or hemofiltration due to symptoms or signs of uremic syndrome or management of refractory hypervolemia, Han et al. January 7/14, 2014:62-70 Statins to Prevent Contrast-Induced Kidney Injury hyperkalemia, or acidosis (19); or 3) worsening heart failure, defined as a deteriorated NYHA functional class (class change !1).
All patients had a follow-up evaluation at a clinic visit or via telephone contact at 30 days. The China Cardiovascular Research Foundation (CCRF), an independent clinical research organization, was responsible for database management, safety monitoring, and adverse event evaluation. All adverse events were adjudicated by a blinded, independent clinical events committee. The CCRF reviewed the data periodically to identify any potential safety issues. Statistical analysis. Sample size calculation was performed by assuming a 10% incidence of the primary endpoint in the control group and a 30% reduction in the treatment arm. From these assumptions, 2,712 patients were required (1,356 per group) from which to detect a 30% relative reduction in the incidence of the primary endpoint in the treatment arm with 80% power and a 2-sided significance level of 5%.
Statistical analysis was based on the modified intentionto-treat populations and performed using SAS version 9.13 software (SAS Institute Inc., Cary, North Carolina). Comparisons among normally distributed continuous variables, expressed as mean AE SD, were performed using Student t tests; non-normally distributed continuous variables, presented as medians and interquartile ranges, were analyzed using Wilcoxon rank-sum tests. The chi-square or Fisher exact test was used for categorical data, expressed as percentages. Logistic regression analysis was used to calculate odds ratios for the comparison of CI-AKI rates between groups. All p values were 2-tailed, and statistical significance was defined by a p value 0.05. All statistical analyses were performed by the CCRF.
Results
Between December 2008 and October 2011, 3,082 patients were enrolled at 53 centers in China. Eighty-four patients did not undergo angiography and were excluded. In total, 2,998 patients were included: 1,498 patients were allocated to the rosuvastatin group and 1,500 to the control group. Among all patients, 1,751 (58.4%) were statinnaive, and 1,247 (41.6%) had not taken statins for at least 14 days due to poor compliance or other reasons but had previously used statins. Thirty-two patients (1.07%) deviated from the protocol: in the rosuvastatin group, 11 patients did not receive statin therapy at all, and 5 did not receive a statin after contrast medium administration; in the control group, 16 patients received statin therapy (1.1%).
Baseline clinical characteristics were well balanced between groups (Table 1) . Of the 2,998 patients, 85.9% underwent diagnostic coronary angiography and left ventriculography (n ¼ 2,575), 13.5% diagnostic coronary/ peripheral angiography and left ventriculography (n ¼ 405), 0.6% peripheral angiography (n ¼ 18), 53% PCI (n ¼ 1,589), and 1% percutaneous peripheral intervention (n ¼ 30) ( Table 2 ). There were no significant differences between maximum sCr levels and minimum eGFR values for all patients, minimum eGFR values for patients with stage 2 CKD, minimum eGFR values for patients with stage 3 CKD, and ACR after contrast medium administration in the rosuvastatin and control groups.
The incidence of CI-AKI was lower in the rosuvastatintreated group (2.3% vs. 3.9%, p ¼ 0.01) (Fig. 2 ). In the subgroup of patients with stage 2 CKD, the incidence of CI-AKI was 1.5% in the rosuvastatin group compared with 3.3% in controls (p ¼ 0.01). On the basis of these results, 62.5 patients would need to be treated (NNT) with rosuvastatin for 5 days to prevent the occurrence of one case of CI-AKI.
There were no significant differences in all-cause deaths (rosuvastatin vs. controls, 0.2% vs. 0.3%, respectively; p ¼ 0.73) or dialysis/hemofiltration (0% vs. 0.1%, respectively; p ¼ 0.50) ( Table 3 ). The incidence of worsening heart failure was significantly decreased following rosuvastatin treatment (2.6% vs. 4.3%, respectively; p ¼ 0.02).
Multivariable analysis (Table 4) revealed that rosuvastatin and hemoglobin were independently associated with a decreased risk of CI-AKI. Independent predictors of CI-AKI included baseline acute coronary syndrome (ACS), NYHA functional classification, and a decreased eGFR (<60 ml/min/1.73 m 2 ). The benefit of rosuvastatin therapy was consistently effective among various subgroups (Fig. 3) . Both statin-naive and non-naive patients showed a similar trend toward receiving benefit from rosuvastatin against the occurrence of CI-AKI (Table 5 ). An interaction test showed that statin history had no effect on CI-AKI occurrence in the present study (p ¼ 0.776).
There were no significant differences between the 2 groups at baseline in TC (177. Considering all patients, 7 developed both CI-AKI and worsening heart failure, 85 developed CI-AKI only, and 96 developed worsening heart failure only, whereas 2,810 patients did not develop either of the 2 (McNemar test: p ¼ 0.226), suggesting that the effects of rosuvastatin on cardiac function were independent of changes in renal function. Baseline hemoglobin levels were lower and prevalence of anemia was higher in patients who developed CI-AKI (all: p < 0.05) ( Table 6 ).
There were no significant differences between the 2 groups in the rates of muscle pain, liver function tests results, gastrointestinal disorders, or incidence of edema or rash.
Discussion
This is the first large randomized, multicenter, prospective study to evaluate the safety and efficacy of statin therapy for the prevention of CI-AKI in DM patients with mild-to-moderate CKD. In this trial, we observed that periprocedural administration of rosuvastatin, 10 mg daily for a short duration (5 days), reduced the incidence of CI-AKI in patients with type 2 DM and CKD, suggesting that a short course of oral statin may reduce the incidence of CI-AKI after contrast medium injection in these patients. These results are of clinical significance because CI-AKI is a severe complication in patients with already impaired kidney function.
We also evaluated incremental risk factors in these highrisk patients for CI-AKI development and observed that ACS, NYHA functional classification, anemia and decreased eGFR were independent correlates of CI-AKI, consistent with previous studies (20, 21) . Because these risk factors can be easily identified, prophylactic measures for the prevention of CI-AKI should be considered in these patients.
A recent study showed that statin was useful in preventing acute kidney injury following cardiovascular surgery (22) . Furthermore, several studies reported that statins may be effective in preventing CI-AKI (11, 23) . However, the present study is the first to evaluate the preventive effect of rosuvastatin, a potent LDL-C-lowering statin, on the development of CI-AKI in DM patients with concomitant CKD who have a high CI-AKI risk. Notably, the sample size of the present study, almost 3,000 DM patients with mild-to-moderate CKD, afforded the statistical power to evaluate differences between statin and no-statin treatment, and to explore the risk factors associated with CI-AKI in this population. In current clinical practice, many patients with cardiovascular disease do not use statins (24) . Our results show that rosuvastatin can significantly reduce the risk of CI-AKI, even in patients with normal lipid levels. Therefore, the present study indicated that in addition to hydration, statin should be given to all patients with DM and mild CKD who are receiving contrast medium.
The incidence of CI-AKI in the control group (3.9%) was lower than anticipated from our sample size calculation 
Figure 2 Primary Endpoint: CI-AKI Occurrence
The incidence of the primary endpoint was significantly lower in the rosuvastatin group than in the control group (2.3% vs. 3.9%, p ¼ 0.01).
(10%), which was based on CI-AKI rates from prior studies. In our study, patients with stages 4 and 5 CKD were excluded and a majority (85%) had stage 2 CKD, in contrast to findings of previous studies that enrolled patients with stage 3 to 4 CKD. Furthermore, it was recommended that patients be well hydrated prior to their procedure, which could have decreased the rate of CI-AKI. The median volumes of the contrast medium administered in our study (120 ml in the rosuvastatin group and 110 ml in controls) were less than the volumes administered in previous studies (ranging from 173 to 234 ml) (11, 15) , which suggested that lowering contrast volume by any measure could prevent CI-AKI in patients with mild CKD. Despite a lower incidence of CI-AKI in the control group, rosuvastatin treatment showed a 42% relative risk reduction in CI-AKI.
In the subgroup analysis, the beneficial effects of rosuvastatin were manifest mainly in patients with stage 2 CKD. Current clinical practice does not recommend prevention of CI-AKI in patients with mild CKD. However, even small increases in serum creatinine can be associated with worse clinical outcomes, increasing short-and long-term mortality independently from baseline sCr values (25, 26) . Subgroup analysis also showed that rosuvastatin was less effective in patients with anemia. Patients with lower hemoglobin may have iron deficiency or inadequate receptors to erythropoietin. The outer medullary region in the kidney is particularly susceptible to ischemic injury (27) , and contrast medium could increase oxygen affinity of hemoglobin, and oxygen delivery to the peripheral tissues might be impaired (28) , resulting in CI-AKI. Anemia is common among patients with kidney disease and results from decreased red blood cell survival, toxic inhibitors of erythropoiesis, and deficiency in iron and folate (29) . Hemoglobin levels were not available after the procedure. However, our results showed that baseline hemoglobin levels were lower in patients who developed CI-AKI and that the prevalence of anemia was higher. The JUPITER (Justification for the Use of Statins in Prevention-an Intervention Trial Evaluating Rosuvastatin) study showed that rosuvastatin increased hemoglobin levels in patients with anemia and low-grade inflammation (30) .
In our study, hydration was performed at the physician's discretion, and not all patients received it (only 44.9% of the rosuvastatin group and 42.8% of the control group) because: 1) 15% of patients had congestive heart failure, and fluid administration in these patients was restricted; and 2) at an early stage of the study, clinical guidelines stated that hydration was not mandatory. With regard to the safety of rosuvastatin, results of the study were consistent with those of previous large-scale randomized studies (6, 31) . Although there have been reports stating that rosuvastatin increased proteinuria (32, 33) , treatment at 10 mg per day for 5 days had no effect on proteinuria. A recent study showed that after 104 weeks of treatment with either 80 mg atorvastatin or 40 mg rosuvastatin daily, the rate of abnormal liver enzyme levels was lower with rosuvastatin than with atorvastatin, and that there was no significant difference in the development of renal impairment (31) .
The mechanism of statin in CI-AKI prevention remains unknown. In the present study, patients who developed CI-AKI had higher post-procedural hsCRP levels, and the preventive effect of rosuvastatin on CI-AKI development was paralleled by a significant decrease in post-procedural hsCRP levels. Inflammation may contribute to the pathogenesis of CI-AKI, and renal protection by rosuvastatin during exposure to contrast medium could be due to attenuation of inflammatory responses, a phenomenon also observed in the JUPITER trial (34) . Direct toxic effects of contrast medium on renal cells are also thought to contribute to the pathogenesis of CI-AKI. A study showed that pretreatment with statin prevented epithelial tubular renal cell apoptosis and increased survival signaling pathways (8) . Preventing contrast medium-induced renal cell apoptosis seems to play an important role in statins' effects on CI-AKI occurrence.
We observed that rosuvastatin significantly decreased the incidence of worsening of heart failure, which might be based mainly on the following potential mechanisms (35): 1) attenuation of negative inotropic effects and apoptosis in myocardial cells by reducing inflammatory cytokines; 2) improvement of endothelial function by increasing the production of endothelial nitric oxide; 3) reduction of the Han et al.
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Statins to Prevent Contrast-Induced Kidney Injury formation of oxygen-derived free radicals; and 4) decreased sympathetic nerve activity in patients with heart failure. However, the exact mechanism by which short-term rosuvastatin treatment decreases the incidence of worsening of heart failure deserves further study. Indeed, statins are known to exert pleiotropic effects and to decrease systemic inflammation (36) , reflected by decreased hsCRP levels (37) . Since inflammation is a pathogenic factor of kidney injury (38) , decreasing systemic inflammation and hsCRP levels might be part of the mechanism explaining the reduced CI-AKI incidence after rosuvastatin. Because hsCRP is involved in inflammationmediated decreased endothelial function and vascular injury (35) , hsCRP-mediated inflammation might be the link between worsening heart failure and CI-AKI. Furthermore, CRP correlates negatively with eGFR (39), although it is not a unanimous finding (40). In agreement with this possible mechanism, our results showed that shortcourse rosuvastatin decreased hsCRP levels, decreased CI-AKI incidence, and decreased worsening of heart failure.
However, further studies are required to assess the exact mechanisms. Study limitations. First, the open-label design of the study may have introduced bias. However, all events and biomarkers were collected and adjudicated by a blinded, independent committee. Second, the finding that the beneficial effects of rosuvastatin were not seen in patients with stage 3 CKD was from a subgroup analysis, and a stratified prospective study will be needed in the future. Third, study outcomes may have been affected by the dose of rosuvastatin, which was relatively low (10 mg/day), and mean body mass indexes (BMI) in current Asian population are lower than those in Caucasian populations with type 2 DM and renal disease. Therefore, further studies are needed to explore whether the dosage of rosuvastatin demonstrating benefit is the same for other populations. However, in an analysis of the Michigan Cardiovascular Consortium database, the benefits of statins against CI-AKI in a Caucasian population with a BMI >25 kg/m 2 have been well observed (10) . Thus, results from that previous study and from the present study strongly suggest These subgroups are provided as a reference only. xn ¼ number of patients with CI-AKI; N ¼ total number of patients in each subgroup. *There were no interaction effects between rosuvastatin and hydration therapy (p ¼ 0.058) for the incidence of CI-AKI. &Data missing at baseline in 72 patients. #Data missing at baseline in 188 patients. Missing data were due to unprescribed tests at recruitment. CI ¼ confidence interval; eGFR ¼ estimated glomerular filtration rate; NYHA ¼ New York Heart Association. Table 5 Occurrence of CI-AKI in Statin-Naive and Non-Naive Patients that statins can reduce CI-AKI in Western and Chinese populations, regardless of BMI. Regarding the dose, 10 mg of rosuvastatin was lower than that usually used in Western countries. However, given the fact that plasma exposure to the same dose of rosuvastatin has been observed to be approximately 2-fold higher in Asian populations than in Caucasians (41), the relatively low dosage regimen in the present study might be aligned with the efficacy of higher dosage used in Western countries. In the TREAT (Trial to Reduce Cardiovascular Events with Aranesp Therapy) study, 41.5% of patients with DM and CKD conducted at 623 sites in 24 countries were not taking statins at baseline (42) , and statinnaive patients may be more prevalent in developing countries, but there is a lack of epidemiological data on this aspect. Of important value, our results provide strong indications that patients with DM and CKD should receive short-term rosuvastatin to prevent CI-AKI, regardless of whether they previously used statins or not. Finally, subgroup analyses provided in Figure 3 are only indicative and cannot be used to make any conclusions. Indeed, the present study was not powered to detect differences among these small groups.
Conclusions
Rosuvastatin at 10 mg per day for 5 days reduces the incidence of CI-AKI in patients with type 2 DM and CKD, who were not already on a statin regimen. A short course of oral statin may reduce the incidence of CIN.
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